Abstract Somatometric research was conducted in Tonga, Polynesia, with a focus on foot and hand size and proportions. Data were taken on 140 adults (90 females and 50 males) and compared with those of other population groups. In addition to their heavy body-build, Tongans were found to have significantly longer and wider feet and hands than the Japanese, French, Australian Aborigines, or Bamanann-Fulbe West Africans. The significance of these physical characteristics of Polynesians is discussed from a micro-evolutionary viewpoint.
Introduction
Polynesians are known to have distinctive and relatively homogeneous physiques despite inhabiting a large area of the Pacific Ocean (Shapiro, 1943; Howells, 1973; Houghton, 1996; Katayama, 1996) . Howells (1970) strongly suggested physical homogeneity on the basis of somatometric multivariate analyses of a total of 151 human population groups in Oceania, including those from New Guinea and Australia. Tagaya and Katayama (1988) also concluded, on the basis of multivariate craniometric analyses, that Polynesians can be easily distinguished from other Oceanic (e.g. Micronesians and Melanesians) and Asian populations.
Polynesians are also known for their unique combination of physical characteristics: tall stature, a large muscular body, a robust skeleton, and a strong tendency toward obesity (Katayama, 1996) . Katayama (1996) proposed that these characteristics were the result of hypermorphosis. He pointed out the skeletal resemblance between prehistoric Polynesians and a large-sized modern Japanese Sumo wrestler examined by Suzuki et al. (1986) , especially the relatively large size of the skeletal elements of the hands and feet.
Although a number of anthropometric studies have been conducted on Polynesians (e.g. Buck, 1922-23; Sullivan, 1922; Shapiro and Buck, 1936; Howells, 1970; and Katayama, 1982) , none has dealt with the hands and feet.
The objective of this study is to describe the metric features of the hands and feet of the Polynesian people living in the Kingdom of Tonga. This study is a part of a larger series of somatometric studies that have been conducted during the course of the Kyoto University Tonga Research Project of 2000 to 2003; a total of 366 persons were measured in 2001. Adult male and female Tongans aged 18 years or older were the subjects of analysis, and the metric attributes of their hands and feet were compared with published accounts of other populations.
Material and Methods
The Kingdom of Tonga is situated in the westernmost part of the Polynesian triangle. It consists of more than 170 islands segregated into three major island groups: Tongatapu to the south, Ha'apai to the north, and Vava'u further north (Figure 1 ). According to the national population census of 1996 (Statistics Department, Kingdom of Tonga, 1999) , the total population is 97, 784: 71, 913 in Tongatapu, 8, 138 in Ha'apai, and 17, 733 in Vava'u. In that census, more than 96% of the population was reported to be of Polynesian descent.
Subjects
The somatometric data analyzed in this study come from 140 adult individuals (90 females and 50 males) ranging in age from 18-68 years, from Nuku'alofa, the capital city of Tonga, and Lifuka island, Ha'apai. Information regarding date of birth, birthplace, parents' ethnicity, and occupation were recorded for each subject at the time of measurement. The average age was 32.1 and 31.3 years for the male and female subjects, respectively. The subjects were selected at random and did not include any persons of European or Asian ancestry. Their occupations varied-farmers, medical workers, public officers, housewives, students, and so on. For the purpose of the final analysis, all subjects were combined for each sex, because of absence of statistically significant differences (by t-test) in each measurement between locations or between age classes. However, outliers with values of more than 3 standard deviations (SD) from the means were excluded from the analysis.
Measurements and indices
Stature, body mass, foot length, foot breadth, hand length, and hand breadth were measured. For the foot and hand met-rics, the right side was measured. Stature was measured using a standard anthropometer (GPM Co. Ltd.). Body mass was measured with a scale with subjects in light clothing and bare feet. A sliding caliper (GPM Co. Ltd.) was used to measure hand length and breadth, while the subjects sat and placed their hands on a desk.
Hand dimensions were measured to the nearest mm, according to the definition of the National Institute of Bioscience and Human Technology (NIBH, 1994) . Hand length is defined as the distance between the second-most distal crease on the palm side of the wrist and the reference point dactylion. Hand breadth is defined as the distance between reference points metacarpale ulnare and metacarpale radiale, taken with all fingers of rays 2 to 4 extended forwards in the same direction.
Foot measurements were taken, in mm, from contour drawings of the foot. Each subject was instructed to stand barefoot with his or her feet 10-15 cm apart. Foot length was defined as the projected distance from the reference points acropodion to pternion (JLIA, 1988) , taken parallel to the foot axis (the line connecting the tip of the second toe and pternion). Foot breadth was defined as the projected distance between reference points metatarsale tibiale and metatarsale fibulare.
A total of seven indices were calculated as follows: 
Data comparison
The comparative data used in the present study were as follows. The Japanese data (both foot and hand, and abbreviated JP) were combined into one data set from a series of studies on Japanese populations (Kouchi, 1998) . The French foot data (abbreviated FR) were taken from staff and students at the Cognitive Neuroscience Laboratory, Marseille (Kouchi, 1998) . The Australian Aborigine foot data (abbreviated AA) were obtained from residents living in Arnhem Land, Northern Territory (Kouchi, 1998) . The BamanannFulbe data (both foot and hand, and abbreviated BF) were obtained from residents living in villages situated south of the capital of Bamako, Mali Republic (Adachi et al., 1993) .
The significance of differences between means was examined by t-tests. The RFL, RFB, RHL, RHB, and hand index of all the comparative groups and the foot index of the BF sample were calculated using the sample means. Because of this, statistical tests were not conducted with these indices. Table 1 shows the basic statistics of the somatometric variables. Males were significantly larger than females Table 2 ). The Tongans were significantly heavier than all the other groups in both sexes (P < 0.01). Tongan females were the tallest among all groups, while the Tongan males were the second tallest. However, with stature, a statistically significant difference was found only between the Tongans and JP in both sexes (P < 0.01).
Results
Both male and female Tongans had significantly longer and wider feet than all other groups (P < 0.01), except for male foot length compared with BF. The Tongans had a larger foot index than in JP (P < 0.01 in males but not significant in females), FR (P < 0.05 in males and P < 0.01 in females), or AA (P < 0.01 in both sexes). Although t-tests for RFL and RFB could not be performed, Tongans had relatively larger and wider feet than the other population groups. The greater relative width of the Tongan foot is revealed in Figure 2 . The mean values of the other groups are located well below and to the left of the scatter of the Tongan subjects, indicating not only a smaller but also a relatively narrower foot than that of the Tongans.
Similar to the condition seen with the foot, the hands of the Tongans were significantly longer and wider than in the two comparative groups that could be statistically compared (but with the exception of the BF females). With regards to RHL and RHB, the mean values of the Tongans were comparable to those of BF, and greater than those of JP in both males and females. Average hand index was greater in the Tongans than in JP or BF, especially in males.
Discussion
The results of the present study show that, in comparison with the other population groups, the Tongans are characterized not only by their heavy body-build, but also by their longer and wider feet. This was the case for both absolute size and for size relative to stature (Table 1, Table 2 , Figure 2 ). Although the present comparisons are limited, the hands of the Tongans also tended to be longer and wider than those of the other populations (Table 1, Table 2 ).
The morphological characteristics of humans vary widely across location and time, a fact that has been discussed at least since Aristotle. Somatometric variation, generally, can Values are the means; standard deviations in parentheses. Italicized numbers were calculated from the published means. *, P < 5% level; **, P < 1% level; indicates difference from the Tongan mean. * a , P < 5% level; indicates sex difference. 1 NIBH (1994) and Kouchi (1998) , 2,4 Kouchi (1998), 3 Adachi et al. (1993) . be considered to be underlain by a variety of factors, some of which relate to the micro-evolutionary history of local populations. The history of human migration to the Pacific islands has been discussed for several decades. As for the origin of the Tongan people (Polynesian), one hypothesis that has become widely accepted, based on archaeological evidence, is that the islands of Tonga had been settled by Neolithic human populations of the so-called 'Lapita' people by 1200-1100 BC (Kirch, 1997) . The 'Lapita' people are considered to be Austronesian speakers, who originated from Southeast Asia and immigrated to the islands of 'Remote Oceania' (Green, 1991) , including Fiji, Samoa, and Tonga, at about 1600 to 500 BC (Diamond, 1998) . Current archaeological, linguistic, and genetic studies (e.g. Bellwood, 1991; Kelly, 1996; Kirch, 1997) support this hypothesis.
Recent studies based on a variety of approaches suggest that modern Polynesians derive from small-sized ancestral populations that were characterized by a large and heavy body-build, such characteristics probably having been acquired through selection associated with natural disasters. The results of genetic and anthropometric analyses (e.g. Howells, 1970; Tagaya and Katayama, 1988; Cavalli-Sforza et al., 1994) suggest that Polynesians have origins different from that of the other Oceanic populations, such as Melanesians and Micronesians. Cavalli-Sforza et al. (1994) proposed the following hypothesis concerning the history of the Polynesian populations: (1) the founders came from relatively small populations, (2) there were frequent bottlenecks, caused by natural disasters such as typhoons, and (3) there were later additions to the populations from subsequent migrants. This set of hypotheses is consistent with the so-called homogeneous body-build of the Polynesians (Shapiro, 1943 : Houghton, 1996 . Houghton (1990) hypothesized that the heavy body-build of the Polynesians was the result of adaptation to cold conditions. Although most of the Polynesian islands are within the tropical region of the Pacific Ocean, the climate is windy and the sensory temperature is low. Houghton (1990) showed that the somatometric characteristics of the Polynesians were similar to those of the higher-latitude Asian populations. Cavalli-Sforza et al. (1994) , referring to the report by Morton et al. (1972) , stressed that bottlenecks in the population history of Polynesians would have occurred as a result of famine after a typhoon. If that was the case, heavy body-build could also be considered to have evolved as an adaptation to famine, that is, as a reservoir of nutrients. Polynesian populations would, then, not only be characterized by random genetic drift, but also by an adaptive physique, i.e. heavy body-build.
The Polynesians' big feet and hands may be related to their body-build. However, larger body mass per se cannot explain the larger feet of the Polynesians. Katayama (1996) suggested that the heavy body-build of the Polynesians was the result of a special growth pattern 'hypermorphism', as conceived in heterochrony (e.g. McNamara, 1997) . Katayama (1996) based his reasoning on the similarities of skeletal size and proportions, especially those of the extremities, between the Polynesians and a large Japanese individual with gigantism (a deceased Sumo wrestler, 'Dewagatake', Suzuki et al., 1986) . Enlargement of the extremities is known to be one of the common clinical features of gigantism and acromegaly (e.g. Fitzgerald, 1992) . Katayama (1996) suggested that the excessively developed body of the Polynesians is produced by their elongated juvenile and adolescent growths. Although gigantism is caused by an endocrinological disorder, genetic modifications mimicking it could have produced adaptive physical characteristics, which would have been selected for during the micro-evolutionary history of the Polynesians. It is possible that the Polynesians' big feet, perhaps obtained by such growth mechanisms, would be adaptive in supporting their heavier bodies. The great RFL and RFB values (Table 2) , the most distinctive features of their feet, indicate that the Tongans have long and wide feet even relative to their tall and heavy bodies.
In conclusion, the ancestors of the Polynesians were certain to have experienced severe and inescapable natural disasters and famine, which probably caused bottlenecks during their population history. Selection that occurred during such bottlenecks-caused, for example, by the windy climate-would be likely to favor the heavy body-build of the Polynesians. The genetic modification underlying such an adaptation could have resulted in a 'hypermorphic' growth pattern, which produced not only a heavy body-build but also the characteristically large feet of the Polynesians. This hypothesis must be examined by further studies, especially those that investigate the growth pattern of the Polynesians.
